A s the physical and functional interface between the blood and the blood vessel wall, the vascular endothelium regulates many of the processes that participate in atherosclerosis pathophysiology. In advanced atherosclerosis, loss of plaque endothelial and fibrous cap integrity leads to thrombotic complications that involve platelet recruitment and aggregation. There is evidence that at earlier stages of plaque development, platelet adhesion either directly to the endothelial surface or in the form of platelet-monocyte complexes can promote disease progression by local production or endothelial transfer of platelet-derived growth factors and proinflammatory C-C and C-X-C motif chemokines. [1] [2] [3] [4] [5] 
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interactions and tested whether these interactions advance with disease severity. Molecular imaging was also used to evaluate putative mechansims of platelet attachment. A contrastenhanced ultrasound (CEU) approach to molecular imaging was used because of its ability to selectively detect events that occur at the endothelial-blood interface. The role of P-selectin in mediating platelet-endothelial interactions was investigated by molecular imaging of platelets after functional blockade. The role of VWF was investigated by (1) molecular imaging of bioactivated A1 domain on endothelial-associated VWF performed by microbubble targeting with a GP1bα mimetic and (2) molecular imaging of platelet adhesion after administration of recombinant ADAMTS13.
Methods

Animals and Study Design
The study was approved by the Animal Care and Use Committee of the Oregon Health & Science University. Mice with atherosclerosis produced by gene-targeted deletion or double knockout (DKO) of the low-density lipoprotein receptor and apolipoprotein-B mRNA editing enzyme catalytic polypeptide 1 (Apobec-1) on a C57Bl/6 background were studied at 10, 20, 30, and 40 weeks of age. 12 Histology from these mice has shown that between 10 and 40 weeks of age there is an age-related increase in both the proportion of the aortic surface with plaque involvement assessed by Oil-red-O stain (from 0.4% to 26%, P<0.01) and the plaque cross-sectional 2D in the proximal aortic arch (from 6.5 to 121.4×10 3 μm 2 , P<0.01). 13 Mice were anesthetized with inhaled isoflurane (1.0%-1.5%) and a jugular vein was cannulated for intravenous access.
Targeted Contrast Agent Preparation
Biotinylated lipid-shelled decafluorobutane microbubbles were prepared by sonication of a gas-saturated aqueous suspension of distearoylphosphatidylcholine (2 mg/mL), polyoxyethylene-40-stearate (1 mg/mL), and distearoylphosphatidylethanolamine-PEG (2000) biotin (0.4 mg/mL; Avanti Polar Lipids). Surface conjugation of biotinylated ligands was performed as previously described using a streptavidin bridge. 14 Microbubbles targeted to platelet GPIbα (MB-A1) were prepared by surface conjugation of dimeric recombinant murine VWF A1 domain (mature VWF amino acids 445 to 716). 9 Microbubbles targeted to VWF (MB-GC300) were prepared using a cell-derived biotinylated peptide representing the N-terminal 300 amino acids of GPIbα. Control nontargeted microbubbles (MB) were prepared using either human VWF A1 domain with a loss-of-function mutation (G561S) or a nonspecific nonbinding control monoclonal antibody (mAb; R3-34, BD Biosciences) as appropriate. Microbubble concentrations and size distributions were measured by electrozone sensing (Multisizer III, Beckman Coulter).
Validation of VWF Targeted Microbubbles
Because site-directed attachment has been validated previously for MB-A1 but not for MB-GC300, selective attachment of MB-GC300 to VWF was studied using both an in vitro flow chamber and an ex vivo arterial crush injury model. For flow chamber experiments, culture dishes were coated with purified VWF (50 μg/mL; gift from Dr Robert Andrews, Monash University) for 2 hours and blocked with bovine serum albumin (1 mg/mL). An aqueous suspension containing either MB-GC300, MB-A1, or MB (1×10 5 mL −1 ) fluorescently labeled with dioctadecyl tetramethylindocarbocyanine perchlorate was infused over VWF-coated plates for 5 minutes in a parallel plate flow chamber (Glycotech, Gaithersburg, MD) at flow rate to produce a shear stress of 0.5 dynes/cm 2 . The number of firmly adhering microbubbles was assessed using fluorescent microscopy (Axioskop2-FS; Carl Zeiss Inc, Thornburg, NY) in ≥10 optical fields (0.160 mm 2 per field). Experiments were performed in triplicate.
For arterial injury studies, the descending aorta was removed from 14 wild-type C57Bl/6 mice 10 to 20 weeks of age, side branches were ligated, and the lumen was cannulated at each end. A crush injury 3 mm in length was made in the midportion of the aorta. CEU imaging of the aorta was performed in a water bath using a long-axis plane. Whole blood anticoagulated with heparin (10 U/mL) containing either MB-GC300 or MB (1×10 6 mL −1 ) was infused through the aorta at 0.5 mL/min for 5 minutes followed by a 3 minutes PBS wash (n=7 for each agent). CEU imaging for retained microbubbles was performed after the wash and acoustic signal was measured from regions-of-interest that encompassed the injury site and the remote upstream noninjured site.
In Vivo Molecular Imaging Protocols
Protocol 1
To evaluate platelet adhesion at advancing stages of atherosclerosis, CEU molecular imaging with platelet-targeted (MB-A1) and control (MB) microbubbles was performed in DKO mice at 10, 20, 30, or 40 weeks of age (n=6-9 for each age). These ages were selected to evaluate disease ranging from mild intimal thickening and early monocyte infiltration (10 weeks) to large intraluminal complex inflammatory lesions without plaque rupture (40 weeks). Specificity of MB-A1 for platelets was assessed in DKO mice at 20 to 30 weeks of age by performing CEU molecular imaging before and 90 minutes after platelet immune depletion produced by intravenous administration of 1.5 μg/g rat antimouse mAb against GPIbα (R300, Emfret Analytics; n=5) or against CD41 (MWReg30, BD Bioscience; n=3).
Protocol 2
To evaluate the role of P-selectin in platelet adhesion, CEU molecular imaging of platelets with MB-A1 and MB was performed in DKO mice at 20 or 40 weeks of age before (n=3 for each) and after administration of 40 μg rat antimouse P-selectin blocking monoclonal antibody (mAb; RB40.34).
Protocol 3
To evaluate VWF dysregulation at advancing stages of atherosclerosis, CEU molecular imaging with MB-GC300 and control MB was performed in DKO mice at 10, 20, 30, and 40 weeks of age (n=6-9 for each age).
Protocol 4
To further evaluate the role of VWF multimers in platelet-endothelial interactions, CEU molecular imaging with MB-A1 and MB-GC300 was performed in DKO mice at 20 and 40 weeks of age at baseline and then 15 and 60 minutes after intravenous administration of 5 μg of recombinant full-length human ADAMTS13 (R&D Systems, Minneapolis, MN; n=7-8 for each age and each agent). Control studies were performed in mice at 40 weeks of age after injection of vehicle (n=7).
In Vivo and Ex Vivo CEU Molecular Imaging
CEU molecular imaging was performed with a linear-array probe (Sequoia, Siemens Medical Systems) using multipulse phase-inversion and amplitude-modulation imaging at 7 MHz and a dynamic range of 55 dB. For in vivo studies, a mechanical index of 0.97 was used, and the ascending aorta and proximal aortic arch were imaged using a right parasternal window. Images were acquired 8 minutes after intravenous injection of targeted or control microbubbles (1×10 6 ) performed in random order. Signal from retained microbubbles alone was determined as previously described by acquiring the first ultrasound frame and then digitally subtracting several averaged frames obtained after complete destruction of microbubbles (mechanical index >1.3) in the imaging field to eliminate signal from the low concentration of freely circulating microbubbles in the blood pool. 15 Intensity was measured from a region-of-interest that was standardized by encompassing the entire ascending aorta from just beyond the sinuses to just beyond the origin of the brachiocephalic artery. Region selection was guided by fundamental 2D imaging at 14 MHz acquired after each CEU imaging sequence. For ex vivo aortic crush injury experiments, imaging was performed at a mechanical index of 0.18 and postdestructive signal was used for background subtraction to eliminate tissue signal not suppressed by pulse-inversion powermodulation processing.
ADAMTS13 Activity
The activity of recombinant human ADAMTS13 against murine VWF was confirmed using murine platelet adhesion to VWF in a flow chamber as a biological readout for the presence of VWF multimers. Cultured murine microvascular endothelial cells (SVEC4-10; ATCC, Manassas, VA) were grown in Dulbecco's-modified Eagle's medium supplemented with 10% fetal bovine serum on fibronectin-coated culture dishes. Cells were studied before confluence was achieved to assess platelet adhesion that occurs at the immediate downstream portion of a cell. Culture medium was removed and cells were treated with histamine (5 μM), which acts as a secretagogue to mobilize Weibel-Palade bodies, 16 in PBS at 37°C for 15 minutes before study. Murine platelets were obtained from platelet-rich plasma, labeled with rhodamine-6G, and washed. Platelets (2.5×10 7 mL −1 ) were suspended in PBS and perfused over the cells in the parallel plate flow chamber at flow rate to produce a shear stress of 2 dynes/cm 2 . In half of the experiments, ADAMTS13 was added to the cells 5 minutes before study and also to the platelet suspension (final concentration 5 μg/mL). Adhesion of platelets to VWF strings or nets that formed immediately downstream from cells was assessed using fluorescent microscopy and quantified as the proportion of area of positive staining. Observations were made in a minimum of 10 optical fields (0.160 mm 2 ). Experiments were performed in triplicate.
Aortic VWF Multimers on Microscopy
To confirm the presence of VWF multimers on the surface of atherosclerotic plaques, the descending thoracic and abdominal aorta from DKO mice (30-40 weeks of age, n=4) were obtained after removal of the blood volume by perfusion with PBS (37°C) through an apical left ventricular cannula. The aorta was incised longitudinally, trimmed to fit in a custom-designed rectangular flow chamber, and pinned lumen-side up with care to avoid trauma to the luminal surface. Avidincoated Nile red fluorescent nanospheres with a diameter of 0.7 to 0.9 nm (0.1% wt/vol, Spherotech Inc.,) were washed twice with 1% bovine serum albumin in PBS (pH 7.4) at 37°C, then incubated for 10 minutes with biotinylated recombinant GPIbα representing amino acids 1 to 290 (32.3 kDa) of human GPIbα (5 μg per 1×10 9 spheres). Nanospheres were washed twice, resuspended in bovine serum albumin -PBS at a concentration of 1×10 8 mL −1 and infused over the aorta at 2.5 mL/min for 3 to 4 minutes followed by a continuous wash with bovine serum albumin -PBS. The nonpulsatile flow in the model was used to allow identification of linear aggregates, which tend to coil in nonshear environment with en face fluorescent microscopy of the aortic surface.
Histology
Perfusion-fixed short-axis sections of the mid ascending aorta and proximal arch just before the brachiocephalic artery were evaluated from DKO mice at all study ages (n=4 for each). The aorta was stained with Masson's trichrome stain to assess the plaque area defined by the tissue area within the internal elastic lamina. Immunohistochemistry was performed using goat polyclonal primary antibody against murine Mac-2 (M3/38, eBioscience) for macrophage staining and goat polyclonal antibody against β3 integrin (sc20234, Santa Cruz Biotechnology) for platelets. ALEXAFluor-488 or ALEXAFluor-555 secondary antibodies (Invitrogen) were used and sections were examined by fluorescent microscopy.
Statistical Analysis
Data are expressed as ±SD unless stated otherwise. D'Agostino and Pearson omnibus test were used to assess data normality. Comparisons between molecular imaging agents within the same animals or after P-selectin intervention or after ADAMTS-13 were made by Wilcoxon signed-rank test. Comparisons for agents in the flow chamber experiments and for ex vivo aortic imaging data were made using Mann-Whitney rank-sum test. Significance for variance according to age was analyzed with Kruskal-Wallis tests. Differences were considered significant at P<0.05.
Results
In Vivo Molecular Imaging of Platelet Adhesion
As previously described and quantified, 12, 13 there was an age-dependent increase in atherosclerotic plaque severity in the proximal thoracic aorta of DKO mice. Disease progression was characterized by mild focal intimal thickening at 10 weeks, focal discrete intimal plaques at 20 weeks, and moderate and severe lumen-encroaching complex plaques at 30 and 40 weeks of age, respectively ( Figure 1 ). There was also an age-dependent increase in the degree of monocytic . This was not used as a primary evaluation method because of the possibility that these findings could have been artifact from aortic perfusion fixation. On in vivo CEU molecular imaging of the ascending aorta and proximal arch of DKO mice, signal intensity from MB-A1 increased progressively with advancing age and ultimately was ≈8-fold higher at 40 weeks than at 10 weeks of age (Figure 2A and 2B). Signal from platelet-targeted MB-A1 was significantly greater than that for control MB as early as 10 weeks of age. Because the signal for control MB also increased with age, the age-dependent increase in MB-A1 when expressed as a ratio to control MB did not reach statistical significance ( Figure 2C ), but was highly significant when expressed as a difference between the 2 agents (Kruskal-Wallis P=0.0003; Figure II in the Data Supplement). The specificity of MB-A1 signal for platelets was tested by performing molecular imaging after platelet depletion in 20-to 30-week-old DKO mice. Platelet depletion with anti-GPIbα or with anti-CD41 mAb produced a reduction in circulating platelet count of ≈90% and 50%, respectively. Both approaches reduced MB-A1 signal on CEU molecular imaging, the degree of which was nearly proportional to the degree of platelet depletion ( Figure 2D ).
Molecular Imaging of VWF
Attachment of MB-GC300 to immobilized VWF was validated first using an in vitro flow chamber system. Microbubble attachment to adsorbed VWF in the parallel plate flow chamber was >20-fold higher for MB-GC300 than for MB-A1 (109±45 versus 4±7 per mm 2 , P<0.001), whereas attachment for control MBs was not observed. Validation was also performed by CEU molecular imaging in ex vivo aortas undergoing focal crush injury. Focal signal enhancement was observed at the injury site after infusion of MB-GC300 suspended in whole blood followed by a wash (Figure 3A and 3B ). Signal enhancement for MB-GC300 at the injury site was ≈>20-fold greater than its corresponding signal in the remote noninjured region and 10-fold greater than control MB at the injury site.
On molecular imaging of VWF on the thoracic aorta of DKO mice with MB-GC300, there was greater signal intensity over control MB at all time intervals, indicating that luminal VWF expression was increased ( Figure 3C ; Figure III in the Data Supplement). Signal enhancement with MB-GC300 was significantly greater than that with control MBs as early as 10 weeks of age (37±13 versus 23±11 VIU, P=0.01). There was no significant increase in MB-GC300 over time whether expressed as a ratio to control MB (Kruskal-Wallis P=0.08) or as a difference from control MB (Kruskal-Wallis P=0.44; Figure II in the Data Supplement).
P-selectin as a Mediator for Platelet Adhesion
To evaluate the role of P-selectin in platelet adhesion, CEU molecular imaging of platelets with MB-A1 was performed in DKO mice at 20 and 40 weeks of age before and after intravenous administration of RB40. 34 , which has been shown to produce complete functional blockade within minutes of administration. 17 Administration of RB40.34 produced a small 20% to 25% reduction of platelet-targeted signal enhancement, but these changes did not reach statistical significance (P=0.25 at 20 weeks, P=0.35 at 40 weeks). Figure 4A ). Pretreatment of SVEC4-10 cells with ADAMTS13 together with addition of ADAMTS13 to the platelet-containing perfusate almost completely eliminated of platelet attachment.
VWF as a Mediator for Platelet Adhesion
In vivo CEU molecular imaging with platelet-and VWFtargeted microbubbles was performed at baseline and after intravenous administration of either ADAMTS13 or vehicle. The dose of ADAMTS13 was selected to produce immediate post-injection plasma concentrations similar to those in the flow chamber experiments based on previous estimates of intravascular blood volume. 18 In DKO mice at 20 and 40 weeks of age, ADAMTS13 reduced aortic signal enhancement for MB-A1 and MB-GC300 at 60 minutes to a level similar to that for control MBs (Figure 4B and 4C) . Control experiments Figure 4D) , thereby excluding the possibility of competitive inhibition from repetitive injection of targeted contrast agent. The same pattern of elimination of selective MB-A1 and MB-GC300 signal 60 minutes after treatment with ADAMTS13 was found when data were expressed as a difference rather than as a ratio to control MB ( Figure IV in the Data Supplement). These findings suggest that plateletendothelial interactions can be, for the most part, eliminated by cleavage of endothelial-associated VWF.
To further characterize endothelial-associated VWF, flow chamber studies were performed with en face fluorescent microscopy of the aortic endothelial surface after infusing GPIbα-bearing nanospheres ( Figure 5A ). In 20 weeks DKO mice, short linear aggregates were observed. At 40 weeks of age, there were long linear aggregates appearing as beads of nanospheres on a string that were frequently observed and were often waving or undulating in the flow stream (Movie in the Data Supplement). Less frequently, single nanospheres attaching to the endothelial surface were also seen in 40 weeks DKO mice. In age-matched wild-type mice, there were no linear aggregates observed, and attachment of single nanospheres was observed but only rarely.
Discussion
Using CEU molecular imaging in a murine model of atherosclerosis, we have for the first time demonstrated that plateletendothelial interactions can be detected by molecular imaging as early as the stage of fatty streaks and increase with disease severity. We have also demonstrated that VWF at the endothelial surface seems to be a major mechanism for platelet adhesion in both early and late atherosclerosis. Using molecular imaging, we have also demonstrated for the first time that exogenous ADAMTS13 enzyme therapy reduces both VWF and platelet adhesion on the vascular endothelium.
The critical role of platelets in thrombotic complications of advanced atherosclerosis has long been established. In the presence of plaque rupture or erosion, a coordinated series of molecular events involving adhesion molecules lead to platelet recruitment, rolling, firm adhesion, and aggregation. 4, 19, 20 There is now compelling evidence that platelets interact with the vascular endothelium at much earlier stages of atherosclerosis and can potentially play an important role in plaque progression. Mural adhesion in the aorta or its major branches has been characterized in murine and rabbit models of disease primarily by microscopy and with ex vivo-labeled platelets. [1] [2] [3] In these studies, platelet attachment to the endothelial surface was greatest at early lesion sites and tended to increase with severity of disease. The pathophysiologic consequence of these interactions is based on the knowledge that platelets are a source of many proinflammatory and mitogenic factors, particularly C-C and C-X-C motif chemokines. 4,5 Some of these substances have been shown to be directly transferred from platelets to the endothelial or monocyte surface during even brief interaction. 3, 21, 22 Moreover, there is evidence that platelets when activated can directly promote monocyte adhesion, especially at sites of high shear stress, by acting as an additional mural recruitment site or by increasing monocyte adhesive potential through platelet-monocyte complexes. [23] [24] [25] The current study contributes several findings that are key to understanding platelet-endothelial interactions in atherosclerosis. Our application of CEU molecular imaging to evaluate the extent and mechanisms of endothelial-platelet interactions provided information on biological processes that were not influenced by either deliberate or inadvertent platelet activation produced by ex vivo labeling. Our results indicate that platelet-endothelial interactions are seen at the early stage of early fatty streak development. The marked reduction in signal 1 hour after platelet depletion suggests that there is a dynamic nature to platelet-endothelial interactions. The age-dependent increase in signal from MB-A1 signal alone or the signal after subtracting control MB suggests a direct relationship between the degree of platelet adhesion and disease severity. However, we must temper this statement because MB-A1 signal analyzed as a ratio to control MB (which also increased) did not change with age, and there is lack of consensus of which approach to normalization is the more valid.
Molecular imaging was also used to investigate the contributions of several adhesion pathways that have been proposed to mediate platelet recruitment without plaque rupture. Platelet retention in atherosclerosis is possible through platelet P-selectin ligation of monocyte PSGL-1. 3, 25 Gene-targeted deletion of P-selectin in mice has been shown to reduce atherosclerotic development, 26, 27 and specifically platelet P-selectin deficiency achieved through bone marrow transplant in ApoE-deficient mice has been shown to retard atherosclerosis, although not to the extent seen with endothelial deficiency alone. 28 Platelet rolling, adhesion, and deposition of RANTES on atherosclerotic lesions have been shown by intravital microscopy to be largely dependent on endothelial P-selectin. 3 CEU molecular imaging results in the current study suggested that inhibition of P-selectin had only a mild effect in reducing platelet-endothelial interactions at the stages of disease studied. We think that studying preactivated versus endogenous platelets may be a reason for the variation in the results between studies examining the role of P-selectin in platelet adhesion in atherosclerosis.
VWF is a large glycoprotein that like P-selectin is synthesized by endothelial cells, stored in Weibel-Palade bodies as ultralarge multimers, and secreted under basal conditions and particularly on endothelial activation. 8, 29 A portion of the secreted VWF remains attached to the endothelial surface, from where it is usually removed rapidly by the action of ADAMTS13, which cleaves VWF at the A2 Tyr1605-Met1606 site. 30 Delay in this process allows the VWF to form long string-like structures capable of binding platelets on the surface of intact endothelium. The smaller postprocessed form is much less active with regards to platelet adhesive properties. Failure of VWF regulation by ADAMTS13 can result in uncontrolled microvascular thrombosis, such as in thrombotic thrombocytopenic purpura. 31, 32 The notion that VWF at the endothelial cell luminal surface is important in the development of atherosclerosis is supported by several findings. In rabbit models, in situ targeted radiography has detected increased VWF at lesionprone sites in the aorta. 1 Using molecular imaging of VWF, we have demonstrated enhanced VWF signal in the aorta of mice with advanced stages of atherosclerosis, which is associated with histological findings of dense VWF endothelial staining on immunohistochemistry in regions where plaque severity and inflammatory cell infiltration were the greatest. 33 Although these findings do not necessarily confirm a causal role for VWF, it has been demonstrated that rate of plaque development in LDL receptor-deficient mice is reduced by genetic deficiency of VWF. 34 A specific role of VWF multimer regulation has been suggested by the findings that plaque size are increased by 5-to 6-fold in Apo-E-deficient mice that also have homozygous deletion of ADAMTS13. 35 The clinical implications of these findings in animal models could be challenged by the rather large number of clinical studies that have shown that circulating VWF concentration is, at best, a weak predictor of risk for either presence of atherosclerotic disease or atherothrombotic complications (see review by Spiel et al. 36 ). However, circulating VWF concentrations are not necessarily reflective of multimer size, adhesive capacity, or endothelial association.
In this study, we directly investigated dysregulated VWF at the endothelial surface by (1) CEU molecular imaging and a particle-based contrast agent bearing a GPIbα polypeptide and (b) direct observation of linear aggregates of GPIbαlabeled nanospheres on the uninterrupted endothelial surface of the aortas from atherosclerotic mice. The first indicator of a causative role of VWF was the similar increases in signal enhancement for VWF and platelets on molecular imaging in DKO mice. The most convincing evidence that VWF was the major intermediate for platelet-endothelial attachment was the elimination of selective signal enhancement for platelets after administration of exogenous ADAMTS13. The administration of recombinant human ADAMTS13 has been shown to inhibit platelet-endothelial interactions and time to occlusive thrombus in murine models of FeCl3 injury in not only ADAMTS13-deficient but in wild-type mice as well. 16 Our data not only support VWF as a mechanism for platelet adhesion, but also suggest that endogenous ADAMTS13 activity is abnormal in regions of atherosclerosis. This notion is further supported by the observation that risk for cardiovascular disease is associated more closely with ADAMTS13 levels than VWF concentration. 37 A possible inducible mechanism for ADAMTS13 dysregulation is oxidative modification, which also has been associated with cardiovascular disease. Oxidative modification of either VWF or ADAMTS13 in diseases, such as thrombotic thrombocytopenic purpura, leads to reduced cleavage of ultralarge multimers of VWF. 11 We have previously shown that inhibition of NADPH oxidase can reduce the degree of platelet adhesion in DKO mice with advanced atherosclerotic plaques. 9 An issue that arises from our results is the degree of signal enhancement found for control nontargeted MBs on CEU molecular imaging. Not only did control MBs produce signal enhancement, but the degree of signal tended to increase with DKO age. A low level of nontargeted lipid MB signal because of complement-mediated interactions with leukocytes or endothelial cells has been detected in many previous CEU molecular imaging studies of atherosclerosis in murine models but not in our recent studies performed in a nonhuman primate model. 9, 13, 38 As mentioned previously, the issue of control MB signal confounded interpretation of the temporal increase in platelet signal because age-dependent increase in MB-A1 was highly significant when expressed as a difference between control MB but not when expressed as a ratio.
There are several other limitations of the study that should be addressed. We did not investigate all potential mediators Platelet-Endothelial Interactions in Atherosclerosis of platelet-endothelial interaction (eg, platelet GPIIb/IIIa or CD40L), nor did we directly investigate the degree of platelet monocyte complexes. We also did not study control wildtype mice because we have previously demonstrated the lack of any signal enhancement even at 40 weeks of age with either MB-A1 or VWF-targeted microbubble agent similar to MB-GC300. 9, 13 Aortic perfusion studies were performed with constant shear, which was intended to straighten VWF multimers for identification, but was not performed with physiological high pulsatile shear, which is an important limitation because platelet-endothelial interaction is shear-dependent. A key issue is that there was some ambiguity as to the statistical significance of the molecular imaging signal based on whether data were displayed as a ratio or difference to that from control agent. This issue reflects the lack of consensus as to the best approach for comparing to control agent. Hence, we chose to provide information on both methods of analysis and to display all data for the MB-A1 where ambiguity was found. Finally, we could not normalize molecular imaging signal to blood pool signal because of saturation of the dynamic range with the doses used.
We conclude that platelet adhesion to dysregulated VWF on the intact endothelium occurs early in atherosclerosis and persists with increased disease severity. Platelet-endothelial interactions can be rapidly reversed by administration of exogenous ADAMTS13. The use of molecular imaging in this study confirms that platelet-endothelial interactions occur endogenously, that is without exogenous platelet activation, and forms a foundation for which to use imaging to test new antiatherosclerotic therapies that may act through inhibiting platelet adhesion.
